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compared with SMBG (high strength of evidence) without affecting the risk 
of severe hypoglycemia (low strength of evidence) or quality of life (low 
strength of evidence) in nonpregnant individuals with T1DM, particularly 
when compliance with device use is high. Additional findings suggest that 
the use of sensor-augmented insulin pumps (rt-CGM + CSII) is superior to 
the use of MDI/SMBG use in lowering A1c in nonpregnant individuals with 
T1DM (moderate strength of evidence). Comparison of other outcome mea-
sures did not yield firm conclusions due to low or insufficient evidence.
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Methods for Insulin Delivery and Glucose Monitoring in Diabetes: 
Summary of a Comparative Effectiveness Review

Sherita Hill Golden, MD, MHS, and Tamar Sapir, PhD

Diabetes mellitus is defined as a group of metabolic 
diseases marked by hyperglycemia, or high levels of 
blood glucose, which results from defects in insu-

lin production and/or insulin action. When hyperglycemia 
remains untreated, it can lead to long-term complications 
including microvascular complications (e.g., nephropathy, 
retinopathy, and neuropathy) and macrovascular complications 
(e.g., coronary heart disease, peripheral arterial disease, and 
cerebrovascular disease).1 According to the Centers for Disease 
Control and Prevention (CDC), about 8.3% of the population in 
the United States, including children and adults, have diabetes, 
and its prevalence is likely to be increased to nearly 10% by 
2050.2-4 The high prevalence rate results in an increasing pro-
portion of the population dependent on antidiabetic therapies 
to achieve normoglycemia and to lower the risk of complica-
tions associated with the disease.

Type 1 diabetes mellitus (T1DM), which accounts for 5% 
to 10% of all diabetes cases, is an autoimmune disease char-
acterized by the destruction of the pancreatic beta cells and 
insulin deficiency. Although T1DM can develop at any age, it 
usually occurs in children and young adults. Individuals with 
T1DM require daily insulin administration by injection or an 
insulin pump in order to survive, maintain glycemic control 
and normal body weight, and promote normal development 
in children.1 Type 2 diabetes mellitus (T2DM) accounts for 
90% to 95% of all diabetes cases in adults in the United States 
and results from insulin resistance as well as impaired insulin 
secretion by the beta cells in the pancreas. As the disease pro-
gresses and the need for insulin rises, the pancreas can even-
tually lose its ability to produce insulin, necessitating insulin 
therapy.1 In pregnant women with pre-existing T1DM or 
T2DM, maternal hyperglycemia is associated with worse preg-
nancy outcomes and high risk of maternal, fetal, and neonatal 
complications such as delivery complications, fetal anomalies, 
macrosomia, stillbirth, and neonatal hypoglycemia, which can 
be minimized with intensified glycemic control.5,6 

ABSTRACT

BACKGROUND: Diabetes mellitus is defined as a group of metabolic diseas-
es characterized by hyperglycemia, which when untreated can lead to long-
term complications, including micro- and macrovascular complications. 
Tight glycemic control with intensive insulin therapy has been suggested to 
reduce the risk of such complications in several diabetes populations; how-
ever, such an approach can also be associated with risks and challenges. 
There are currently several modalities available to deliver insulin and moni-
tor glucose levels to achieve glycemic goals in diabetic patients. 

In July 2012, the Agency for Healthcare Research and Quality (AHRQ) 
published a systematic review on the comparative effectiveness of insulin 
delivery systems and glucose-monitoring modalities in diabetic patients 
receiving intensive insulin therapy. Studies from 44 publications included in 
the review compared the effects of continuous subcutaneous insulin infu-
sion (CSII) with multiple daily injections (MDI) and/or real time-continuous 
glucose monitoring (rt-CGM) with self-monitoring of blood glucose (SMBG) 
among children, adolescents, or adults with either type 1 (T1DM) or type 
2 diabetes (T2DM), or pregnant women with pre-existing diabetes (either 
T1DM or T2DM). This comparative effectiveness review evaluated which 
modality results in improved glycemic control, less hypoglycemia, better 
quality of life, and/or improved clinical outcomes. The numerous tech-
nologies and the challenges that clinicians face when determining which 
patient population may benefit from different insulin delivery systems and 
glucose-monitoring approaches motivated AHRQ to synthesize the avail-
able information to assist health professionals in making evidence-based 
practice decisions for their patients. The review also delineates advances 
in insulin delivery and glucose-monitoring systems, practical methods to 
achieve tight glycemic control and strategies to minimize associated risks, 
as well as highlights gaps in research and areas that need to be addressed 
in the future. 

OBJECTIVES: To (a) educate health care professionals on the findings from 
AHRQ’s 2012 comparative effectiveness review on insulin delivery and 
glucose-monitoring modalities in patients with diabetes; (b) apply review 
findings to make treatment decisions in clinical practice; and (c) identify 
shortcomings in the current research and future directions relating to 
the comparative effectiveness of insulin delivery and glucose-monitoring 
modalities for patients with diabetes.

SUMMARY: The AHRQ systematic review of randomized clinical trials 
reveals that both insulin delivery modalities (CSII and MDI) demonstrate 
similar effectiveness on glycemic control and severe hypoglycemia in chil-
dren and adolescents with T1DM and in adults with T2DM. In adults with 
T1DM, hemoglobin A1c decreased more with CSII than with MDI with low 
strength of evidence, but one study heavily influenced these results. In chil-
dren and adults with T1DM, the use of CSII was associated with improved 
quality of life compared with MDI, with low strength of evidence, while 
there was insufficient strength of evidence to make conclusions regarding 
the quality of life for adults with T2DM. The study investigators suggest 
that the modality to deliver intensive insulin therapy can be individualized 
to patient preference in order to maximize quality of life. On all measured 
outcomes, there was insufficient or low strength of evidence regarding 
pregnant women with pre-existing diabetes.

The AHRQ investigators found studies comparing the effectiveness of 
glucose-monitoring modalities in individuals with T1DM only. The systematic 
review demonstrates that rt-CGM is associated with greater lowering of A1c 

http://care.diabetesjournals.org/content/33/Supplement_1/S62.full
http://www.cdc.gov/diabetes/pubs/factsheet11.htm
http://care.diabetesjournals.org/content/33/Supplement_1/S62.full
http://care.diabetesjournals.org/content/33/Supplement_1/S62.full
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with both T1DM and T2DM, the most widely accepted modal-
ity to monitor long-term glycemic control is the measurement 
of glycosylated hemoglobin, specifically hemoglobin A1c (A1c), 
every 3 months.17 In pregnant women with pre-existing diabe-
tes, clinicians need to monitor weekly fasting and post-prandial 
glucose levels, as the instant feedback on glycemic control is 
important to prevent fetal and maternal complications during 
pregnancy.18 Additionally, patients using multiple insulin injec-
tions or insulin pump therapy are encouraged to perform self-
monitoring of blood glucose (SMBG) by fingerstick, at least 3 
times daily. The results provide specific and timely feedback on 
glycemic levels, allowing patients and their clinicians to evalu-
ate individual response to therapy, assess whether glycemic 
goals have been achieved, and make short-term adjustments 
in insulin therapy.19 However, challenges associated with 
SMBG, such as pain, stress, cost, and behavioral and technical 
skills, have led to the development and approval of retrospec-
tive continuous glucose-monitoring (CGM)20 and real-time 
continuous glucose-monitoring (rt-CGM)21 devices as supple-
ments to SMBG. The use of CGM allows clinicians to use the 
data retrospectively and to make adjustments to therapy, while 
the use of rt-CGM can provide real-time, prospective, and 
retrospective feedback data. Also, alarms may be set to notify 
patients of hyperglycemia, hypoglycemia, or rapid glucose 
changes, thereby enabling early interventions to prevent severe 
glycemic excursions.20 Because of these advantages, physicians 
prefer rt-CGM to retrospective CGM in the clinical setting. 
Experts currently recommend rt-CGM for patients with T1DM 
who frequently experience hypoglycemia or hypoglycemia 
unawareness, have excess glycemic excursions, or are pregnant 
or plan to become pregnant.20 Other available devices com-
bine rt-CGM technology with CSII, such as sensor-augmented 
pumps, and technologies are continuously improving.22 These 
devices are capable of detecting fluctuating blood glucose levels 
and trends in changing blood glucose and can adjust dosing of 
insulin infusion prospectively. It is also important to note that 
success in improving glycemic levels with any device depends 
on adherence to ongoing use of the device. Patients who are 
adherent and engaged in their insulin delivery and glucose-
monitoring modalities, and effectively collaborate and commu-
nicate with their health care teams, will likely achieve the most 
beneficial outcomes.23

■■  Comparative Effectiveness Review of Insulin  
Delivery and Glucose-Monitoring Modalities
Given the new modalities and technologies available for insu-
lin delivery and glucose monitoring, clinicians face challenges 
in clinical practice to determine how to identify patients who 
will most benefit from the use of the different modalities in 
terms of improved glycemic, clinical, and patient-reported 
outcomes. Therefore, clinicians will appreciate additional data 

The use of intensive insulin therapy to achieve tight glyce-
mic control has been shown to reduce the risk of micro- and 
macrovascular complications in T1DM and T2DM7-10 and 
to minimize maternal, fetal, and neonatal complications in 
pre-existing diabetes during pregnancy.5 However, such an 
approach can also be associated with risks and challenges, 
such as increased risk of severe or nonsevere hypoglycemia 
and weight gain, which can be a source of distress and anxiety 
and a barrier to achieving glycemic goals.9,11,12 The role of tight 
glycemic control in older individuals with diabetes is less cer-
tain, and clinicians currently recommend it only for those who 
are functional, cognitively intact, and have a significant life 
expectancy.13 Therefore, it is important for care providers and 
their patients to understand the importance of achieving glyce-
mic goals and also the associated risks and barriers in order to 
make informed decisions as to which patients will benefit the 
most from intensive insulin therapy.

Approaches for Intensive Insulin Delivery
In current practice, tight glycemic control is achieved with a 
combination of physiological basal and mealtime (prandial) 
insulins that mimic normal pancreatic function (i.e., peakless 
basal insulin secretion, rapid release of insulin in response 
to meals, and rapid clearance of the prandial insulin peak). 
These insulin therapies can be administered to patients either 
as multiple daily injections (MDI) via a syringe or a pen or 
by external continuous subcutaneous insulin infusion (CSII) 
via a pump, which is intended to deliver insulin in a man-
ner that most closely mimics the body’s physiologic release of 
insulin. The use of CSII may improve treatment adherence, 
dosing accuracy, and lifestyle flexibility; however, it can also 
be technically demanding, costly, and requires a high level of 
engagement.14 Professional organizations, such as the American 
Association of Clinical Endocrinologists, currently recom-
mend CSII for patients with T1DM who are not achieving 
glycemic goals despite adherence to a maximal MDI regimen, 
especially when they have wide and erratic glycemic excur-
sions, frequent severe hypoglycemia and/or hypoglycemia 
unawareness, marked dawn phenomenon, or are pregnant or 
planning to become pregnant.14,15 Experts may also recom-
mend CSII for patients with T1DM who prefer pump therapy, 
as it may be more suitable to their lifestyle, regardless of the 
level of glycemic control, and in defined select patients with 
T2DM (e.g., C-peptide positive with suboptimal control on 
maximal program of basal/bolus injections, substantial dawn 
phenomenon, erratic lifestyle, or severe insulin resistance).15 

In the United States, the level of insulin pump usage has been 
estimated at 20% to 30% in patients with T1DM and less than 
1% in patients with T2DM.15,16

Blood Glucose-Monitoring Modalities
There are currently several modalities available to assess and 
monitor blood glucose levels in diabetic patients. In patients 
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For this key question, the investigators sought to analyze 
whether the effects and outcomes of the glucose-monitoring 
mode differ in diabetic populations according to diabetes status 
(T1DM or T2DM), age group (young children, adolescents, and 
adults), pregnancy status (pre-existing T1DM or T2DM), and 
mode of intensive insulin delivery (MDI or CSII). In this key 
question, the EPC investigators compared the effectiveness of 
rt-CGM versus SMBG, as well as the effectiveness of sensor- 
augmented pumps (rt-CGM + CSII) versus MDI/SMBG.

Description of Outcome Measures
The process measures, intermediate outcomes, and clinical 
outcomes analyzed in the included studies are summarized 
in Table 1. For each key question, process measures assessed 
included ratio of basal to bolus insulin, frequency of adjusting 
insulin therapy, adherence to insulin therapy or sensor use, 
and frequency of health care visits. The primary intermedi-
ate outcome was A1c, and secondary intermediate outcomes 
included hyperglycemia, weight gain, and frequency of hypo-
glycemia. The long-term clinical outcomes included micro-
vascular complications (nephropathy, retinopathy, and neu-
ropathy), macrovascular complications (coronary heart disease, 
cerebrovascular disease, and peripheral arterial disease), severe 
hypoglycemia, quality of life, mortality, fetal outcomes, and 
maternal pregnancy outcomes (C-section rates). The assess-
ment tools used to measure quality of life (general, disease-
specific, and treatment-specific) are summarized in Table 2. 

Literature Search and Study Selection
The investigators of the AHRQ review identified primary stud-
ies by searching the databases MEDLINE, EMBASE, and the 
Cochrane Central Register of Controlled Trials. The review 
covered publications from 1994 (first year that insulin ana-
logues were used) to July 2011, excluding studies of outdating 
technologies. Study selection criteria were based on applicabil-
ity to the 2 key clinical questions. Inclusion and exclusion cri-
teria for selection of studies for the review are summarized in 
Table 1. Out of 7,002 citations identified in the search results, 
41 studies from 44 publications met inclusion criteria for this 
review. Listed below are the numbers and types of studies 
identified:

Comparative effectiveness of CSII versus MDI (28 studies)
•	 Children or adolescents with T1DM (9 studies)
•	 Adults with T1DM (9 studies)
•	 Adults with T2DM (4 studies, 5 publications)
•	 Pregnant women with pre-existing T1DM or T2DM (6 

studies)

and information that may assist their clinical decision making 
when considering various modes of insulin delivery and glu-
cose monitoring for specific types of patients with diabetes to 
achieve desired clinical outcomes.

In June 2012, the Agency for Healthcare Research and 
Quality (AHRQ) published a comparative effectiveness review 
(CER) of various methods of insulin delivery and glucose moni-
toring for patients with diabetes receiving intensive insulin 
therapies.24 The review, conducted by investigators at the Johns 
Hopkins University Evidence-Based Practice Center (EPC) in 
Baltimore, Maryland, analyzed whether the mode of intensive 
insulin therapy (CSII vs. MDI) resulted in better glycemic con-
trol, less hypoglycemia, improved quality of life, and improved 
clinical outcomes in children, adolescents, and adults with 
T1DM and T2DM and pregnant women with pre-existing 
T1DM or T2DM. The investigators also sought to determine 
whether these outcomes varied by the mode used for blood glu-
cose monitoring (rt-CGM vs. SMBG) in the same populations.24 
This supplement provides a summary of the key questions, 
methods, and outcomes identified in the AHRQ’s CER, as well 
as implications and commentary on clinical applicability of the 
findings that will help guide care providers to make informed 
decisions and improve patient outcomes.

■■  AHRQ’s Systematic Review Methods
This section summarizes the methods by which the EPC inves-
tigators conducted their comparative effectiveness review of 
studies on the methods for insulin delivery and glucose moni-
toring. Inclusion and exclusion criteria of studies analyzed in 
the review are summarized in Table 1. Complete details about 
the systematic review methods are available in the full techni-
cal report.24

Key Questions and Comparisons
The EPC investigators based their CER on 2 key clinical ques-
tions, which are summarized below:

Key Question 1: In patients receiving intensive insulin ther-
apy, does the mode of delivery (CSII vs. MDI) have a differen-
tial effect on process measures, intermediate outcomes, and 
clinical outcomes in patients with diabetes mellitus? 

For this key question, the investigators sought to analyze 
whether the effects and outcomes of the insulin delivery mode 
differ in diabetic populations according to diabetes status 
(T1DM or T2DM), age group (young children, adolescents, and 
adults), and pregnancy status (pre-existing T1DM or T2DM).

Key Question 2: In patients using intensive insulin therapy 
(MDI or CSII), does the type of glucose monitoring (rt-CGM vs. 
SMBG) have a differential effect on process measures, interme-
diate outcomes, and clinical outcomes in patients with diabetes 
mellitus (i.e., what is the incremental benefit of rt-CGM in 
patients already using intensive insulin therapy)?
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TABLE 1 Summary of Study Inclusion and Exclusion Criteria
Population 
and condition 
of interest

Inclusion 
• Human subjects exclusively
• Studies of adults, adolescents, and children with a formal diagnosis of diabetes mellitus and pregnant women with pre-existing diabetes
• Acceptable diagnoses included T1DM and T2DM. Patients with latent autoimmune diabetes of adulthood or pancreatomy were consid-

ered as T1DM. Patients with steroid-induced or transplant-induced diabetes were considered as T2DM

Exclusion
• Pregnant women with gestational diabetes 
• Patients with maturity onset diabetes of the young (MODY)

Interventions Inclusion
• Studies evaluating CSII and rt-CGM
• Studies using long and rapid-acting analog and/or NPH and regular insulin in the MDI arms 

Exclusion
• Implantable insulin pumps 
• Retrospective CGM devices
• Use of regular insulin in the insulin pump 
• GlucoWatch CGM

Comparisons 
of interest

Inclusion
• Studies that compared CSII with MDI (i.e., at least 3 injections per day)
• Studies using long and rapid-acting analog and/or NPH and regular insulin in the MDI arms 
• Studies that compared rt-CGM with SMBG (i.e., at least 3 fingersticks per day)

Exclusion
• Studies of pre-mixed insulin
• Studies with no concurrent comparison group

Outcomes Inclusion of studies that evaluate 1 of the following outcomes:

Process measures
• Ratio of basal to bolus insulin
• Frequency of adjusting insulin therapy
• Adherence to insulin therapy/sensor use
• Frequency of professional or allied health visits 

Intermediate outcomes

• A1c
• Hyperglycemia
• Weight gain
• Hypoglycemia frequency

Clinical outcomes
• Objective assessments of microvascular outcomes (nephropathy, retinopathy, and neuropathy) and macrovascular outcomes (coronary 

heart disease, cerebrovascular disease, and peripheral arterial disease)
• Severe hypoglycemia
• Quality of life (validated measures)
• Mortality
• Fetal outcomes (gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, major and minor anomalies, admission 

to a neonatal intensive care unit)
• Maternal pregnancy outcomes (Cesarean section rates)

Study type Inclusion
• RCTs and observational studies that evaluated microvascular, macrovascular, maternal, or fetal outcomes. For all other outcomes, 

included only RCTs
• No restrictions on sample size or language

Exclusion
• Articles with no original data (reviews, editorials, and commentaries) or studies published in abstract form only
• Case reports, case series, and cross-sectional studies
• Articles published prior to 1994

Timing and 
setting

Exclusion

• Studies in which patients used an insulin-delivery or glucose-monitoring device for less than 24 hours
• Studies that were not conducted in an outpatient setting

Source: Golden SH, Brown T, Yeh H, et al. Methods for insulin delivery and glucose monitoring: comparative effectiveness. Comparative effectiveness review no. 57. July 
2012.24 
A1c = hemoglobin A1c; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; NPH = neutral protamine Hagedorn insulin; RCT = randomized con-
trolled trial; rt-CGM = real-time continuous glucose monitoring; SMBG = self-monitoring of blood glucose; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
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•	 Poor studies have significant bias that may invalidate 
their results. Moreover, poor studies tend to have large 
amounts of missing information or serious errors in 
design, analysis, or reporting.

For observational studies, the investigators selected items 
from the Downs and Black quality checklist,27 supplemented 
with items from AHRQ’s Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews.26 

At the completion of the review, the EPC investigators rated 
the strength of study evidence for each intervention com-
parison for each outcome by adapting an evidence-grading 
scheme recommended in the Methods Guide for Effectiveness 
and Comparative Effectiveness Reviews.26 This grading considers 
factors regarding the body of evidence such as its limitations, 
consistency, directness, precision, publication bias, and the 
magnitude of the effect. The evidence was graded as high, mod-
erate, low, or insufficient. The first 3 of these grades indicate the 
investigators’ confidence in the extent to which the evidence 
reflects true treatment effect. A grade of insufficient indicates 
that evidence either does not exist or does not permit the esti-
mation of effect.

■■  Comparative Effectiveness of CSII Versus MDI
The following section focuses on the AHRQ review findings in 
response to Key Question 1. Investigators analyzed the com-
parative effectiveness of CSII versus MDI in diabetic popula-
tions requiring intensive insulin therapy, including children 
and adolescents, adults, and pregnant women with pre-existing 
diabetes. The analysis focused on process measures, intermedi-
ate outcomes, and clinical outcomes, as summarized in Table 1.

Comparative effectiveness of rt-CGM versus SMGB (9 studies, 10 
publications)

•	 Children and adults with T1DM (9 studies, 10 publications)
•	 No studies in patients with T2DM or among pregnant 

women with pre-existing T1DM or T2DM
•	 Comparative effectiveness of sensor-augmented pumps 

versus MDI and SMBG in children and adults with T1DM 
(4 studies, 5 publications)

Assessments of Study Quality and Strength of Evidence
To evaluate the quality of the randomized controlled trials 
(RCTs) included in their assessment, the EPC investigators 
used a dual independent review of article quality based on the 
Cochrane Collaboration’s Risk of Bias Tool,25 supplemented 
with items from AHRQ’s Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews.26 The overall quality of the 
individual studies was graded as good, fair, or poor based on the 
risk of bias. 

•	 Good studies are considered to have valid results and 
have a low risk of bias, as evidenced by clear descriptions 
of their patient populations, settings, interventions, and 
treatment groups. Moreover, good studies are character-
ized by valid approaches to allocating patients to groups, 
low dropout rates and reporting of dropouts, and appro-
priate methods for preventing bias, measuring outcomes, 
and analyzing and reporting results.

•	 Fair studies are susceptible to bias, although not to a 
degree that invalidates the results. Fair studies may also 
be characterized by missing information or methodologi-
cal weaknesses. 

Methods for Insulin Delivery and Glucose Monitoring in Diabetes: Summary of a Comparative Effectiveness Review

TABLE 2 Quality of Life Assessment Tools Used in the AHRQ Review

Domain Tool Total Score Range (High Scores Indication)

General 
health-
related 
QOL

Pediatric QOL Inventory 0–100 (better QOL)
Short Form-36 (SF-36) 0–100 (higher level of health)
Short Form-12 (SF-12) 0–100 (higher level of health)
World Health Organization-5 Well Being Index (WHO-5) 0–100 (better well being)

Diabetes-
specific 
QOL

Diabetes QOL 0–100 (better QOL)
Diabetes QOL Clinical Trial Questionnaire 0–100 (higher satisfaction)
Diabetes QOL–Youth 0–100 (better QOL)
Problem Areas in Diabetes 0–100 (more serious problem)

Treatment-
related 
QOL

Altered Hypoglycemia Awareness Questionnaire 0–7 (altered hypoglycemia)
Blood Glucose Monitoring System Rating Questionnaire 0–100 (higher satisfaction)
Diabetes Treatment Satisfaction Questionnaire 0–36 (higher satisfaction)
Hypoglycemia Fear Survey 0–92 (higher level of fear)
Insulin Delivery System Rating Questionnaire 0–100 (higher satisfaction)
Phase V Outcomes system diabetes treatment satisfaction 
questionnaire

0–100 (higher satisfaction)

User Acceptance Questionnaire 0–100 (more positive ratings, with exception of “problems” section)

Source: Golden SH, Brown T, Yeh H et al. Methods for insulin delivery and glucose monitoring: comparative effectiveness. Comparative effectiveness review no. 57. July 
2012.24 
AHRQ = Agency for Healthcare Research and Quality; QOL = quality of life.

www.effectivehealthcare.ahrq.gov/methodsguide.cfm
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insulin (insufficient strength of evidence).33 A single study that 
found significantly fewer episodes of mild hypoglycemia (< 70 
milligrams per deciliter [mg/dL]) in the CSII group compared 
with the MDI group was insufficient to make a conclusion 
regarding the comparative effectiveness of CSII versus MDI for 
mild hypoglycemia.37 No significant difference was reported 
in the change from baseline body mass index (BMI) standard 
deviation score (SDS) between the MDI and CSII intervention 
groups; however, scores decreased slightly more with CSII 
(mean between-group difference -0.12 units; 95% CI, -0.55 
to 0.30; P =0.984).36,37 No significant difference was found in 
general quality of life between CSII and MDI in this popula-
tion (mean between-group difference, 2.3; 95% CI, -6.9 to 11.5; 
P = 0.95; low strength of evidence). Of studies that reported 
Diabetes Quality of Life-Youth scores, 1 good-quality study 
showed improvement favoring CSII,36 while another study did 
not find a difference in diabetes quality of life between the 2 
interventions.35 When examining diabetes treatment-related 
quality of life, as assessed by Diabetes Treatment Satisfaction 
Questionnaire (DTSQ), a meta-analysis of 2 studies favored 
CSII over MDI (mean between-group difference, 5.7; 95% CI, 
5.0-6.4; P < 0.001), although the variation in the effect due to 
heterogeneity was significant (low strength of evidence).29,37 

The investigators of the review did not find any studies 
addressing certain process measures (frequency of adjusting 

Children and Adolescents with T1DM
Nine studies (4 parallel arm RCTs, 3 randomized cross-over 
trials, and 2 nonrandomized trials), of which 1 good quality, 
were used to evaluate CSII versus MDI therapy in children and 
adolescents with T1DM.28-37 Participants generally had diabetes 
for 5 to 6 years prior to study entry, had poor glycemic control 
at study entry (mean A1c, 8% to 9%), and were treated in the 
intervention groups for an average of 52 weeks. The mean age 
of participants in the RCTs was 16.5 years (range, 4.4 to 18.9 
years) and 11.4 years (range, 4.4 to 17.9 years) in the MDI and 
CSII groups, respectively, and 1 study did not report age of 
participants. Most of the studies did not the report the number 
of patients screened.

A meta-analysis found a mean between-group difference in 
A1c of -0.14% in favor of CSII; however, this difference was 
not statistically significant (NS; 95% confidence interval [CI], 
-0.48 to 0.20; P = 0.41). The evidence for this outcome was 
rated as moderate strength. Similar results were seen in A1c 
among adolescents over 12 years of age, while less difference 
was seen among children 12 years of age and younger (Figure 
1). Also, no significant difference was observed between CSII 
and MDI in measures for daytime29,31,36 and nocturnal hypo-
glycemia35,36 (low strength of evidence), severe hypoglycemia29 
(low strength of evidence), frequency of hyperglycemia37 
(insufficient strength of evidence), and ratio of basal to bolus 

Methods for Insulin Delivery and Glucose Monitoring in Diabetes: Summary of a Comparative Effectiveness Review

FIGURE 1 Pooled Between-Group Difference in A1c Change from Baseline (%) Comparing CSII 
and MDI Among Children, Adolescents, and Adults with T1DM, and Adults with T2DM

Adapted from: Golden SH, Brown T, Yeh H, et al. Methods for insulin delivery and glucose monitoring: comparative effectiveness. Comparative effectiveness review no. 57. 
July 2012.24 
aSubanalyses were performed on children (≤ 12 years of age) and adolescents (> 12 years of age) with T1DM. One study did not report the ages of participants and was 
excluded from subanalyses. Data for pregnant women with pre-existing T1DM or T2DM were not included due to lack of randomized controlled trials.
A1c = hemoglobin A1c; CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; T1DM = type 1 diabetes mellitus; 
T2DM = type 2 diabetes mellitus.

Group Value Studies Mean Difference in A1c 
(95% CI)

P Value

T1DM, children and adolescents 

T1DM, children ≤ 12 years of agea

T1DM, adolescents > 12 years of agea

T1DM, adults 

T2DM, adults 

7

2

4

4

4

	-0.14	 (-0.48, 0.20)

	 -0.05	 (-1.05, 0.96)

0.345

0.038

0.896

0.634

-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Favors CSII Favors MDI

Pooled Between-Group Difference in A1c (%)

0.904

	 -0.10	 (-0.48, 0.27)

	 -0.30	 (-0.58, -0.02)

	 -0.16	 (-0.42, 0.09)
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The mean between-group difference in fasting glucose over 
6 months was -12.3 mg/dL (95% CI, -32.9 to 8.2; P = NS) 
favoring CSII in 1 study,38 while 2 other studies reported no 
difference in fasting glucose between the intervention groups 
(low strength of evidence).43,44 Additionally, the mean between-
group difference in pre-prandial glucose over 6 months was 
-17.1 mg/dL (95% CI, -42.1 to 8.0; P = NS) favoring CSII in 1 
study,38 and in another study, pre-dinner glucose was lower 
with CSII (128 mg/dL) compared with MDI (148 mg/dL) at the 
end of 5 weeks (P = NS).42 Studies that measured post-prandial 
glucose reported slightly lower post-prandial glucose with CSII 
compared with MDI treatment (low strength of evidence).38,42 
There was insufficient strength of evidence to determine 
the relative effects of CSII and MDI on glucose at bedtime.44 
Analysis of weight gain among the intervention groups saw 
no significant difference between CSII and MDI (low strength 
of evidence).39,40,43,44 Two studies found improvement in gen-
eral quality of life41 that favored CSII; a meta-analysis of 4 
studies using the Diabetes Quality of Life questionnaire also 
favored CSII for diabetes-specific quality of life40 (low strength 
of evidence). There was insufficient strength of evidence to 
conclude a difference in diabetes treatment-related quality of 
life between interventions, as participants scored similarly 
on the Altered Hypoglycemia Awareness Questionnaire and 
Hypoglycemia Fear Survey in 1 study.40 The investigators found 
no studies evaluating the effects of MDI versus CSII among 
adults with T1DM in terms of process measures (ratio of basal 
to bolus insulin, frequency of adjusting insulin therapy, adher-
ence, and health visits), or clinical outcomes (microvascular 
and macrovascular disease and mortality).

Adults with T2DM
Four RCTs (3 parallell-arm randomized trials, and 1 random-
ized cross-over trial) evaluated the effects of CSII and MDI 
in terms of mortality, A1c, hypoglycemia, severe hypoglyce-
mia, hyperglycemia, weight, and quality of life in adults with 
T2DM.47-50 Number of participants ranged from 20 to 66 adults 
per arm in the included studies. Only 1 study included partici-
pants 60 years of age or older.49 Duration of intervention was at 
least 18 weeks in the included studies.

The results of a meta-analysis including all 4 studies sug-
gests there is no difference between CSII and MDI effect on 
A1c (mean between-group difference from baseline, -0.16%; 
95% CI, -0.42 to 0.09; P = 0.21; Figure 1; moderate strength 
of evidence).48-50 Additionally, the evaluation of hypoglycemia 
revealed no difference between CSII and MDI in mild hypogly-
cemia (moderate strength of evidence; combined relative risk 
[RR] = 0.90; 95% CI, 0.78-1.03; P = 0.129) or severe hypoglyce-
mia (low strength of evidence; RR = 0.76; 95% CI, 0.26-2.19; 
P = 0.61).47,49 In a single study, nocturnal hypoglycemia was 
less common in the CSII arm compared with the MDI arm 
(insufficient strength of evidence).47 The strength of evidence 

insulin therapy, adherence, health visits) and clinical outcomes 
(microvascular and macrovascular disease and mortality) in 
this patient population.24

The investigators were not able to perform meta-analyses 
for the outcome measures of nonsevere hypoglycemia, weight 
gain, and quality of life measures due to the limited study num-
ber and heterogeneity in assessments, which resulted in low 
strength of evidence for these outcomes. There was insufficient 
strength of evidence to draw conclusions for hyperglycemia 
and ratio of basal to bolus insulin in children and adolescents 
with T1DM. 

Adults with T1DM
Nine studies (8 RCTs and 1 nonrandomized trial), including 
21 to 272 participants, evaluated the effectiveness and safety 
of CSII versus MDI among adults with T1DM.38-46 There were 
no studies identified that focused solely on an elderly popula-
tion with T1DM, and studies did not report on race and many 
items of interest to determine the applicability of the studies 
to all adults with T1DM. The mean duration of T1DM ranged 
from 14.4 to 25 years in the study participants,38-41,43-46 and the 
duration of interventions ranged from 5 weeks to 1 year.38-46 
Intervention arm-specific A1c ranged from 7.4% to 9.3% at 
baseline.38,39,41,44,45 Eligibility criteria for MDI and CSII varied 
significantly across studies, and more than half of the studies 
did not report on who withdrew from the studies.

A meta-analysis of 4 RCTs, including 2 good quality stud-
ies, found that CSII decreased A1c from baseline more than 
MDI (combined mean between-group difference, -0.30%; 95% 
CI, -0.58 to -0.02; P = 0.038; Figure 1; low strength of evi-
dence).38,40,44,45 However, the pooled estimate was influenced by 
1 study44 in which participants had a higher A1c at enrollment 
(9.3% vs. 7.7% to 8.2%),38,45 resulting in greater opportunity for 
a large decrease in A1c in that study (-0.84%) compared with 
other studies (-0.1% to 0.25%). After removal of this study from 
meta-analysis, the difference in A1c levels between interven-
tion groups was no longer detectable. Evaluation of hypogly-
cemia measures in adults with T1DM revealed a significant 
increase in the incidence of symptomatic hypoglycemia events 
per person-year with CSII compared with MDI (combined inci-
dence rate ratio, 1.30; 95% CI, 1.18-1.42; P < 0.001); although 
there was significant statistical heterogeneity in this meta-
analysis (low strength of evidence).38,40,45 One study reported 
more symptomatic and asymptomatic hypoglycemia between 
8 a.m. and midnight in the MDI intervention arm (P < 0.05; 
low strength of evidence).49 Three RCTs included analyses of 
nocturnal hypoglycemia; 2 had similar proportions of episodes 
in both intervention arms;38,39 and 1 study reported fewer epi-
sodes per person in the CSII compared with the MDI group42 
(low strength of evidence). Based on a meta-analysis, there was 
no difference seen in severe hypoglycemia incidences between 
the 2 intervention groups (low strength of evidence).39,41,42,46 
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and fetal outcomes.51-56 The mean age of study participants 
was 26 to 31 years, with most participants in the CSII group 
enrolled into the studies prior to becoming pregnant. Most 
participants had diabetes duration of 7.7 to 13.9 years, with 
participants in the CSII groups having the longest duration of 
diabetes. All studies were conducted in European countries, 
and studies contained limited descriptions of study methodol-
ogy, study populations, intervention, and outcomes.

The results of all 6 studies suggest improvement in A1c in 
both the CSII and MDI groups during pregnancy without any 
significant difference between the intervention groups dur-
ing any of the trimesters (low strength of evidence).51-56 The 
strength of evidence of the data that compared CSII with MDI 
among pregnant women with pre-existing T1DM was insuf-
ficient for all other maternal and neonatal outcomes due to 
lack of RCTs and, therefore, a high risk of bias. There was no 
statistical difference in maternal weight gain,52,54,56 gestational 
age at delivery,51,53-55 birth weight,53-55 and minor congenital 
anomalies51,54 between the CSII and MDI intervention groups. 
Also, meta-analyses of retrospective studies showed nonsig-
nificant relative risks for rates of C-section (RR = 1.01; 95% 
CI, 0.86-1.20),53-56 severe hypoglycemia (RR = 0.78; 95% CI, 
0.23-2.65),54-56 admission to the neonatal intensive care unit 
(RR = 0.84; 95% CI, 0.43-1.68),54,55 pre-term delivery (RR = 0.98; 
95% CI, 0.67-1.43),53-56 and frequency of neonatal hypogly-
cemia (RR = 1.01; 95% CI, 0.86-1.20).53-56 Additionally, meta-
analyses for major congenital anomalies showed a pooled RR of 
2.12 that favored MDI but was not statistically significant.55,56 
Due to the lack of RCTs, which leads to a high risk of bias of 
all the above outcomes, the EPC investigators suggested that 
results were inconclusive. There was also insufficient strength 
of evidence for findings that showed no significant difference 

was low comparing CSII with MDI for hyperglycemia based 
on 2 studies. One study reported quantitative results, show-
ing a difference in mean post-prandial glucose at 24 weeks: 
167 mg/dL in the CSII group and 192 mg/dL in the MDI 
group (mean between-group difference, -25 mg/dL; 95% CI, 
-45 to -5; P = 0.019). However, at the end of the study, glucose 
measurements from other time points were similar between 
intervention groups. The incidence of blood glucose over 350 
mg/dL was higher in the MDI arm compared with the CSII 
arm (26 events vs. 6 events), affecting 18% of participants in 
the MDI arm versus 5% in the CSII arm (RR = 0.28; 95% CI, 
0.08-0.94).47 The investigators found only 1 study comparing 
the relative effects of CSII and MDI on mortality, reporting 1 
death due to cancer in the CSII treatment arm.49 The study 
reported no further information on this event and did not 
include the occurrence of events in the MDI arm. Two studies 
found no significant effect of treatments on weight gain (low 
strength of evidence). The strength of evidence was graded 
as insufficient for general, diabetes-specific, and diabetes 
treatment-related quality of life. A single study showed no dif-
ference in general quality of life and diabetes-specific quality 
of life,49 while another study showed improvement in diabetes 
treatment satisfaction favoring CSII.47 The investigators found 
insufficient strength of evidence evaluating the effects of MDI 
versus CSII among patients with T2DM in terms of any of the 
process measures and microvascular or macrovascular disease, 
as no studies were found on these outcomes.

Pregnant Women with Pre-Existing T1DM
Six observational studies (2 prospective studies and 4 retro-
spective studies) evaluated the effects of CSII versus MDI ther-
apy in pregnant women with T1DM and reported on maternal 
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FIGURE 2 Pooled Between-Group Difference in A1c Change from Baseline (%) Comparing  
rt-CGM and SMBG Among Children, Adolescents, and Adults with T1DM

Adapted from: Golden SH, Brown T, Yeh H, et al. Methods for insulin delivery and glucose monitoring: comparative effectiveness. Comparative effectiveness review no. 57. 
July 2012.24 
A1c = hemoglobin A1c; CI = confidence interval; rt-CGM = real-time continuous glucose monitoring; SMBG = self-monitoring of blood glucose; T1DM = type 1 diabetes mellitus.

Group Value Studies Mean Difference in A1c 
(95% CI)

P Value
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even greater A1c reductions when only studies with more than 
60% compliance rate in device use were included (-0.36%; 
95% CI, -0.44 to -0.27; P = 0.119; Figure 2). A meta-analysis 
of 4 RCTs indicated a significant reduction in time spent in 
hyperglycemic range (defined as glucose level greater than 
180 mg/dL) with a mean between-group difference of -68.56 
minutes/day favoring rt-CGM (moderate strength of evidence; 
95% CI, -101.17 to -35.96; P = 0.326).23,59,61,64 There was no dif-
ference seen between the 2 intervention arms in time spent in 
hypoglycemic range (defined as glucose level less than 70 mg/
dL) based on a meta-analysis of 4 studies (moderate strength 
of evidence).23,59,61,64 Results from 2 of these trials suggested 
no difference in the rates of severe hypoglycemia between the 
rt-CGM and SMBG groups (low strength of evidence; pooled 
RR, 0.95; 95% CI, 0.53-1.69; P = 0.86).23,58-64 The investiga-
tors identified 2 studies that measured ratio of basal to bolus 
insulin, and the results were inconsistent. One study showed a 
higher percentage of basal insulin in the rt-CGM arm,58 while 
another study reported higher bolus insulin percentage in the 
rt-CGM arm when compared with SMBG (low strength of evi-
dence).59 One study that measured general quality of life found 
no difference in parental satisfaction between the intervention 
arms at 12 months.58 Another study reported improvement on 
the Physical Component Score of the Short Form-12 favoring 
rt-CGM, but no difference was seen between the compari-
son arms on the Mental Component Score at 26 weeks (low 
strength of evidence).65 No difference was found in the effects 
on diabetes-related quality of life in either of 2 studies compar-
ing rt-CGM and SMBG (low strength of evidence),57,65 while 1 
study that reported effect on quality of life related to diabetes 
treatment demonstrated less fear of hypoglycemia with rt-CGM 
than with SMBG (insufficient strength of evidence).65 None of 
the studies evaluated the comparative effectiveness of rt-CGM 
versus SMBG in terms of mortality, microvascular or macrovas-
cular disease, weight, or any other process measure.

regarding stillbirth (1 study) and neonatal (3 studies) and peri-
natal mortality (2 studies) rates.51-53,56 The investigators did not 
find any studies in pregnant women with T1DM that evaluated 
maternal mortality, microvascular or macrovascular disease, 
quality of life, any of the process measures, or birth trauma, 
and no studies were identified that compared the effectiveness 
of CSII and MDI in pregnant women with pre-existing T2DM.

■■  Comparative Effectiveness of rt-CGM Versus SMBG
The following section focuses on the AHRQ review findings in 
response to key question 2, which analyzed the comparative 
effectiveness of rt-CGM versus SMBG. All studies addressing 
this key question were conducted in children, adolescents, and 
adults with T1DM. The investigators did not identify studies for 
the comparative effectiveness of rt-CGM and SMBG in patients 
with T2DM or in pregnant women with pre-existing diabetes 
(insufficient strength of evidence).

Nine RCT studies (8 parallel-arm trials and 1 randomized 
cross-over trial), from good to fair quality, evaluated rt-CGM 
versus SMBG in children and adults with T1DM.23,57-65 The 
median follow-up time for all studies was 24 weeks, and 
median enrollment of 132 patients was reported in 6 studies. 
The mean age of participants was 24 years in the rt-CGM group 
and 25 years in the SMBG group, with mean baseline A1c of 
8.3% in both groups. The studies were conducted in diverse 
countries.

A meta-analysis of 7 RCTs of at least 12 weeks duration 
found a significant reduction in A1c with rt-CGM compared 
with SMBG (high strength of evidence; combined mean 
between-group difference, -0.3%; 95% CI, -0.37 to -0.22; 
P < 0.001; Figure 2).23,57-64 A second meta-analysis of 4 stud-
ies in children and adolescents age 18 years or younger also 
found a significant combined mean between-group differ-
ence in A1c from baseline in favor of rt-CGM (-0.26%; 95% 
CI, -0.46 to -0.06; P = 0.248; Figure 2). The difference was 
confirmed by a sensitivity subset analysis that demonstrated 
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FIGURE 3 Pooled Between-Group Difference in A1c Change from Baseline (%) Comparing  
Sensor-Augmented Pumps Versus MDI/SMBG Among Patients with T1DM

Adapted from: Golden SH, Brown T, Yeh H, et al. Methods for insulin delivery and glucose monitoring: comparative effectiveness. Comparative effectiveness review no. 57. 
July 2012.24 
A1c = hemoglobin A1c; CI = confidence interval; MDI = multiple daily injections; SMBG = self-monitoring of blood glucose; T1DM = type 1 diabetes mellitus.

Group Value Studies Mean Difference in A1c 
(95% CI)

P Value

T1DM patients 4 -0.68 (-0.81, -0.54) < 0.001

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1
Favors Sensor-Augmented Pumps Favors MDI/SMBG

Pooled Between-Group Difference in A1c (%)
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hypoglycemia, hyperglycemia, and weight gain among the 
studies. Even though the review included only studies of cur-
rent methods used for intensive insulin therapy, heterogeneity 
was also found in the insulin regimens used in the MDI arms 
in studies comparing CSII and MDI, and there was inadequate 
power to stratify by the MDI insulin regimen. The studies were 
also heterogeneous in the assessment and reporting of quality 
of life outcomes, which therefore limited the quantification of 
the comparative effectiveness on quality of life. Additionally, 
no studies were identified that measured the comparative 
effectiveness on microvascular and macrovascular complica-
tions, which are associated with long-term diabetes. This was 
attributed to the fact that the longest follow-up in the studies 
included in the review was 52 weeks, and in order to detect 
long-term diabetes-related complications, a very large RCT of 
several years duration would be required. Another limitation 
in the literature was that most of the studies did not report 
treatment adherence to the modality used, except for the stud-
ies evaluating rt-CGM. High baseline A1c values may indicate 
poor adherence to previous treatment regimens, which may 
have biased results.

Additionally, the investigators acknowledge that all studies 
of rt-CGM are subject to ascertainment bias because rt-CGM, 
as opposed to SMBG alone, provides more data on hyperglyce-
mia and hypoglycemia in the patients using the device. Also, 
studies measuring quality of life could have been subject to 
reporting bias because it is not feasible to perform blinded 
RCTs comparing the modalities for insulin delivery and/or 
glucose monitoring in the study participants.

As meta-analyses in general are subject to bias based on 
article selection criteria, multiple comparisons, and the state of 
the available literature, the EPC investigators could not exclude 
the possibility that publication bias affected their findings for 
each of the comparisons, although their search strategy was 
comprehensive and included publications in all languages. 

The investigators also highlight the fact that data discussed 
in the CER are not generalizable to nonspecialty settings or to 
all patients with diabetes mellitus, since the studies excluded 
individuals with certain comorbidities, and the initiation, 
instruction, monitoring, and therapeutic changes for CSII and 
rt-CGM modalities are often limited to specialized settings and 
highly motivated patients and families.

■■  Future Research Directions
The EPC investigators call for future research that directly 
addresses the gaps and methodological shortcomings asso-
ciated with study designs for insulin delivery and glucose-
monitoring approaches for patients with diabetes. Their rec-
ommendations highlight the need for well-conducted RCTs 
of intensive insulin therapy delivery and glucose-monitoring 
approaches focusing on young children with T1DM, pregnant 
women with pre-existing diabetes, and particularly in elderly 

Comparative Effectiveness of Sensor-Augmented  
Pumps Versus MDI/SMBG
Four RCTs, including 2 good quality studies, evaluated the 
effects of sensor-augmented pumps (rt-CGM + CSII) versus 
MDI/SMBG in children and adults with T1DM.66-69 All stud-
ies provided training and used the MM Paradigm REALTime 
system; however, the frequency and intensity of follow-up 
visits differed between studies.66-69 The mean baseline A1c in 
all studies was 8.6%, and participants were treated in the inter-
vention groups for 15 weeks to 1 year. 

The investigators of the study reported results from a meta-
analysis of all 4 RCTs showing a significant difference in the 
reduction from baseline A1c that favored the sensor-augmented 
pump group compared with the MDI/SMBG group (moder-
ate strength of evidence; combined mean between-group 
difference, -0.68%; 95% CI, -0.81 to -0.54; P < 0.001; Figure 
3).66-69 In addition, the review found that patients who used 
the sensor-augmented pumps spent significantly less time 
with hyperglycemia than patients with MDI/SMBG based on 
2 of the 4 trials (P < 0.001; moderate strength of evidence).66 
However, the incidence of severe hypoglycemia and time spent 
in nonsevere hypoglycemia did not differ between the 2 inter-
vention groups (moderate strength of evidence).66,69 There was 
also no significant difference seen in weight gain between the 
intervention groups (low strength of evidence).66,67 In terms of 
diabetes treatment-related quality of life, greater user accep-
tance, overall treatment satisfaction, and higher scores on the 
Blood Glucose Monitoring System Rating Questionnaire were 
reported with the sensor-augmented pump arm compared with 
the MDI/SMBG arm.67 None of the studies identified reported 
on mortality, microvascular or macrovascular disease, or any of 
the process measures.

■■  Study and Review Limitations
The EPC investigators noted several important weaknesses 
in the studies included in the CER. The majority of the RCTs 
comparing the effects of modalities used for insulin delivery 
and glucose monitoring were small, of fair to poor quality, and 
did not report most quality items of interest. All of the stud-
ies included in the review were efficacy studies (whether an 
intervention can produce a narrowly defined effect in research 
setting) rather than effectiveness studies. Most studies did 
not report on race and ethnicity, and for those that did, the 
majority of participants were Caucasian. The investigators 
were unable to draw conclusions on the effectiveness of insulin 
delivery and glucose-monitoring modes in children younger 
than 12 years, adults older than 65 years, or pregnant women 
with pre-existing T2DM, since only a few studies included 
these subpopulations. The investigators were also not able to 
combine data to determine effect estimates for several inter-
mediate outcomes as they found variability and heterogeneity 
in the definitions and classifications of nonsevere and severe 
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regarding rates of severe hypoglycemia in pregnant women 
with T1DM. The studies suggest that CSII improved general 
and diabetes-specific quality of life, when compared with 
MDI in nonpregnant individuals with T1DM. The evidence 
was insufficient for pregnant women with T1DM and adults 
with T2DM. Observational studies showed, with a high risk of 
bias, no difference in gestational age at delivery between the 2 
intervention groups; however, there was insufficient evidence 
to draw conclusions regarding any other maternal and fetal 
outcomes in pregnant women with pre-existing T1DM.

Key Question 2
The EPC investigators were only able to draw conclusions for 
comparison of glucose-monitoring approaches in nonpregnant 
individuals with T1DM receiving intensive insulin therapy, 
since no comparative effectiveness studies were found in adults 
with T2DM or pregnant women with pre-exisitng diabetes. 
The systematic review revealed that T1DM patients using the 
rt-CGM achieved lower A1c than patients in the SMBG group. 
Moreover, the effect was even greater in patients who were 
compliant with their devices. The review has also suggested 
that the use of rt-CGM is associated with improved A1c in 
children younger than 18 years old (Figure 2). These findings 
support recent clinical practice guidelines recommending the 
use of rt-CGM in children and adolescents over the age of 8 
years.72 The 2 glucose-monitoring approaches did not differ in 
rates of severe hypoglycemia; however, there was a significant 
reduction in the time spent in the hyperglycemic range favor-
ing the rt-CGM group. In addition, although the few studies 
that evaluated quality of life found no difference in general 
and diabetes-specific quality of life between the 2 intervention 
groups, 1 study showed less fear of hypoglycemia with rt-CGM 
than with SMBG.65 The investigators note that this has impor-
tant clinical implications, as patient anxiety can be a barrier 
to achieving treatment goals in patients receiving intensive 
insulin therapy.

Finally, the EPC investigators performed a meta-analysis of 
RCTs comparing the use of sensor-augmented pumps (rt-CGM/
CSII) with MDI/SMBG (Figure 3). The findings revealed clini-
cally and statistically significant reductions in A1c (-0.61%), 
favoring sensor-augmented pumps in nonpregnant individuals 
with T1DM; however, the evidence was insufficient for other 
outcomes assessed. No other meta-analysis of this comparison 
was identified. 

■■  Implications for Clinical Applications
The findings from the CER indicated that both intensive insu-
lin delivery approaches (CSII and MDI) using current rapid-
acting insulin analogs demonstrate similar effectiveness in 
reducing A1c in adolescents and pregnant women with T1DM, 
and similar rates of severe hypoglycemia in nonpregnant indi-
viduals with T1DM. In adults with T1DM, CSII demonstrated 

patients with diabetes who are at higher risk for adverse events 
associated with intensive insulin therapy. 

Given the increased prevalence of T2DM in the general pop-
ulation, it is likely that the number of individuals with T2DM 
requiring insulin therapy will also rise in the years to come. 
Therefore, the investigators note the importance of determining 
which approach will be most effective for insulin delivery and 
glucose monitoring in patients with T2DM and recommend 
future studies that focus on this population. The investigators 
recommend that such studies should include ethnically diverse 
populations as T2DM is more common in nonwhites,2 and 
minority individuals are at higher risk for adverse outcomes. 
Such studies may help guide clinical decision when consider-
ing which intensive insulin delivery and glucose monitoring 
may benefit specific patient populations.

Finally, the EPC investigators have urged the use of widely 
accepted uniform definitions of glycemic outcomes in future 
RCTs, as well as an agreed-upon set of quality of life measures, 
to allow comparisons across trials. They have also highlighted 
the importance of incorporating measures of adherence to 
treatment and suggested to possibly incorporate measures for 
sensor compliance as a marker for overall treatment adherence. 
The investigators also recommended future well-designed 
prospective, observational studies to determine the compara-
tive effectiveness of insulin delivery and glucose-monitoring 
modalities on long-term microvascular and macrovascular 
complications associated with diabetes. 

■■  Conclusions
The CER, as reported by Golden et al. (2012)24 systematically 
compiled the current state of evidence on the efficacy of the 
modalities used in clinical practice for intensive insulin deliv-
ery and glucose monitoring, in terms of diabetes-related pro-
cess measures, intermediate outcomes, and clinical outcomes 
in children, adolescents, adults, and pregnant individuals with 
T1DM and T2DM. 

Key Question 1
For the comparison between the insulin delivery approaches, 
the investigators included in their review only RCTs that used 
rapid-acting insulin analogs in the CSII arms and at least 3 
daily injections in the MDI arms, as opposed to prior meta-
analyses that used mixed modes of insulin therapies in their 
studies.70,71 The systematic review demonstrated that the modes 
for delivering intensive insulin via CSII or MDI did not differ 
in terms of their effects on reduction in A1c in children and 
adolescents or pregnant women with T1DM, or for adults with 
T2DM; however, data suggested CSII achieved lower A1c in 
adults with T1DM (Figure 1). There was also no difference 
found between the 2 interventions in terms of rate of severe 
hypoglycemia in nonpregnant T1DM patients or adults with 
T2DM. The evidence was insufficient to draw conclusions 
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With 25 million individuals (8.3% of the population) in the United 
States having diabetes at an annual cost of $174 billion, diabetes 
is a significant concern for managed care organizations.2 Effective 
blood glucose management is critical for avoiding diabetes-related 
complications, and it has been estimated that a 1% improvement in 
hemoglobin A1c can reduce annual costs by as much as $950 per 
patient with diabetes.73 In addition to diabetes being a progressive 
disease, individual patients differ in the frequency and severity of 
glycemic excursions, hypoglycemia susceptibility and awareness, 
and ability or willingness to self-manage their disease. As such, 
many patients with diabetes fail to maintain glycemic control.

Insulin therapy is an important therapeutic asset in manag-
ing diabetes. However, hypoglycemia is a relatively common, 
sometimes costly, and possibly fatal adverse event associated with 
insulin therapy. Thus, routine blood glucose monitoring is an 
important component of insulin therapy to help patients achieve 
desired blood glucose levels and to optimize outcomes. Given these 
treatment challenges, continuous subcutaneous insulin infusion 
(CSII) and real-time continuous glucose monitoring (rt-CGM) have 
been proposed as technological advances to help patients man-
age insulin dosing and monitor blood glucose levels to optimize 
glycemic control. 

This current review was designed to assist decision makers 
regarding the comparative advantages of CSII and rt-CGM relative 
to multiple daily insulin injections (MDI) and self-monitoring of 

blood glucose (SMBG). With the possible exception of adults with 
type 1 diabetes (T1DM), it did not find solid evidence that CSII 
improves glycemic control or that it reduces nocturnal or severe 
hypoglycemic events relative to MDI in children and adolescents 
with T1DM or patients with type 2 diabetes (T2DM). However, an 
improvement in diabetes-specific quality of life was identified in 
youth and adults with T1DM. When considering the effectiveness 
of rt-CGM versus SMBG in patients with T1DM, glycemic control 
effects favored rt-CGM when compliance with rt-CGM was 60% or 
better. No difference in rates of severe hypoglycemia or in diabetes-
related quality of life was observed. It is important to note that 
significant gaps in data exist for these technologies, particularly for 
the subgroup of insulin-treated patients who experience glycemic 
excursions and/or have frequent hypoglycemia and who may have 
the most to benefit from CSII and rt-CGM. 

Given the difficulty managing a population of patients with 
diabetes and the consequences of poor glycemic control and hypo-
glycemia, providing coverage of CSII and rt-CGM is a pragmatic 
decision. While CSII and rt-CGM increase treatment costs, signifi-
cant coverage limitations may not be warranted in certain diabetic 
subgroups of diabetic patients. However, managed care organiza-
tions should consider ongoing utilization and outcomes assessment 
to ensure that these technologies are targeted to patients most 
likely to benefit from these modalities.

Carrie McAdam Marx, PhD, RPh

Commentary: Managed Care Pharmacy Perspective in Evaluating Current Modes 
for Insulin Delivery and Glucose Monitoring in Patients with Diabetes

to be superior to MDI, although this was heavily influenced by 
1 study. However, in terms of treatment satisfaction and qual-
ity of life, adolescents and adults with T1DM treated with CSII 
reported higher overall quality of life compared with patients 
treated with MDI; thus, the investigators implied that the clini-
cal application of intensive insulin delivery approaches might 
be individualized to meet the patient’s needs and preferences to 
optimize quality of life and treatment satisfaction.

An additional implication to clinical practice was related 

to the findings that rt-CGM is superior to SMBG in lowering 
A1c in nonpregnant T1DM patients, without affecting risk of 
hypoglycemia. These findings were even more pronounced in 
patients who were compliant with their glucose-monitoring 
devices. The addition of rt-CGM to CSII is more effective than 
MDI/SMBG in lowering A1c; therefore, the addition of this 
monitoring method to SMBG and intensive insulin therapy can 
assist in achieving glycemic targets in nonpregnant individuals 
with T1DM.

http://www.cdc.gov/diabetes/pubs/factsheet11.htm
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